We read with interest the article by Batisse et al.[@bib0001] describing 11 possible cases of symptomatic severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) reinfection. However, the intervening period of 'clinical cure' was not confirmed by a negative SARS-CoV-2 PCR test result. Similarly, Lafaie et al.[@bib0002] reported three elderly patients who were infected with SARS-CoV-2 who recovered 'clinically' then were readmitted with 'new' coronavirus disease 2019 (COVID-19) symptoms, again with no SARS-CoV-2 PCR negative result between the two COVID-19 episodes. This SARS-CoV-2 reinfection phenomenon is indeed one of the many ongoing debates during the present COVID-19 pandemic and it is still unclear to what extent this is due to true reinfection, or possible persistent low level infection.[@bib0003] ^,^ [@bib0004]

Part of the problem is that there is no well-defined, consensus definition or criteria for deciding what constitutes true SARS-CoV-2 reinfection. Here we present 6 cases of hospitalised patients or staff with likely SARS-CoV-2 reinfection based on objective laboratory-based criteria and rationales.

From our diagnostic laboratory database, we searched for a pattern of SARS-CoV-2 POS-NEG-POS polymerase chain reaction (PCR) results in any COVID-19 case, then extracted and tabulated the details of the clinical episodes for each patient fitting these initial search criteria.

The SARS-CoV-2 PCR assay that we were using during this time was the commercial AusDiagnostics SARS-CoV-2 PCR kit (AusDiagnostics UK Ltd., Chesham, England) with a manufacturer\'s stated sensitivity and specificity of 97.7% (90.8--100%) and 99.4% (97.4--100%), respectively. The SARS-CoV-2 IgG antibody testing was performed using the commercial DiaSorin Liaison SARS-CoV-2 S1/S2 IgG assay (Diasorin Ltd., Kent, England) with a stated manufacturer\'s sensitivity and specificity of 97% (86.8%−99.5%) and 98.5% (97.6%−99.1%), respectively.

Patients or staff meeting the following criteria were included in this possible SARS-CoV-2 reinfection cohort:-an initial SARS-CoV-2 PCR-confirmed acute coronavirus disease 2019 (COVID-19) illness-followed by clinical recovery and discharge with at least one negative SARS-CoV-2 PCR result-followed by a confirmed SARS-CoV-2 PCR positive result (with or without symptoms) at least 28 days after the previous SARS-COV-2 PCR result

These criteria were based on the findings that in most COVID-19 cases, viral shedding reaches a minimum by day 28 after an initial acute SARS-CoV-2 infection.[@bib0005] It is still unclear how protective SARS-CoV-2 IgG antibodies are in the convalescent period, and how long any such protection may last. Such antibodies start to rise 5--10 days post-onset of infection, peaking by days 12--15,[@bib0006] and will contain a proportion of neutralising antibodies,[@bib0007] making any SARS-CoV-2 reinfection very unlikely within this period. Hence, we assumed that SARS-CoV-2 reinfection cannot occur within the first 28 days post-illness onset. As patients move beyond 28 days post-illness onset, SARS-CoV-2 IgG antibodies gradually wane,[@bib0008] increasing the possibility that SARS-CoV reinfection may occur.

We identified 6 patients or staff that fit the criteria above ([Table 1](#tbl0001){ref-type="table"} , [Fig. 1](#fig0001){ref-type="fig"} ). All 6 cases had at least one SARS-CoV-2 IgG antibody test (Abbott Architect SARS-CoV-2 IgG assay; Abbott, Maidenhead, UK). Cases 24 and 26 had two SARS-CoV-2 IgG antibody tests, all of which were positive.Table 1Characteristics and timeline of possible COVID-19 reinfection cases.Table 1Case no.Age\
(yrs)SexEthnicityPast medical history1st COVID-19 episode/ PCR POS result\
(Day 0)TreatmentRecovery/ discharge date\
(days since Day 0)Onset of second episode (days since Day 0)\
SymptomsSARS-CoV-2 IgG\
(Day tested)649FAsianObesity, T1DM, epilepsy, previous sepsis due to obstructive pyelonephritis.Fever, cough, myalgia, diarrhoeaIV AB, CS338Fever, low BP, treated for sepsis due to obstructive ureteric calculus but CT chest shows evidence of COVID19 and PCR positive.Positive\
(Day 72)993MWhite BritishIgG multiple myeloma, AF, CCF, HTN, cognitive impairmentLethargy, reduced appetite, diarrhoeaIV and PO AB1455Cough, fever, dyspnoeaPositive\
(Day 58)2482MWhite BritishAF, CCF with PPM/ICD, AAA, T2DM, lung cancer, ASCough, fever, sore throat, dyspnoea, new oxygen demand, haemoptysisPO AB187Fever, cough, dyspnoeaPositive\
(Days 88, 92)2586FWhite BritishIHD, HTN, HF, hypothyroidism, OA, PMRUnresponsive episode, low BMIV AB1757Asymptomatic, admitted with fall and sternal fracture. Routine swab on admission.Positive\
(Day 62)2662FWhite BritishHealthcare staffCough, fever, dyspnoeaHome care1684Asymptomatic, routine staff screeningPositive\
(Days 62, 85)2783MWhite BritishT2DM, 1st degree AV block, bronchitis, GORDDyspnoea, new oxygen requirementIV AB, O21843Asymptomatic, routine swab prior to discharge.Positive\
(Day 51)[^1]Fig. 1Timeline of events for each patient. As the specific date of illness onset was unclear for several patients the first SARS-CoV-2 PCR positive result was used as time zero (Day 0). The image shows all the testing that was performed for each patient. The specific interval over which reinfection is likely to have occurred (SARS-CoV-2 PCR POS-POS) in each case is highlighted using red boxes.Fig 1

For Case 24, these IgG tests were positive on days 88 and 92, with the first of these testing positive the day after the second positive PCR swab result. This indicates that the SARS-CoV-2 PCR positive swab was taken in the presence of SARS-CoV-2 IgG antibodies, as these typically take 5--10 days to appear.[@bib0006] This apparent SARS-CoV-2 reinfection in Case 24 was symptomatic. Similarly, for Case 26, the SARS-CoV-2 IgG was positive on samples taken on days 62 and 85, again indicating that the second positive PCR result (on day 84) must have occurred in the presence of SARS-CoV-2 IgG antibodies. Reinfection in Case 26 was asymptomatic. This was a staff member whose testing had been conducted as part of the routine screening for staff who worked on immunosuppressed patient wards. The same argument can be applied to Cases 9 (symptomatic reinfection), 25 (asymptomatic reinfection) and 27 (asymptomatic reinfection), where the second SARS-CoV-2 PCR and SARS-CoV IgG positive results occurred within 5--10 days of each other ([Table 1](#tbl0001){ref-type="table"}, [Fig. 1](#fig0001){ref-type="fig"}). We did not culture the second COVID-19 episode SARS-CoV-2 PCR positive swabs to check for virus viability. Batisse et al.,[@bib0001] however, did find viable SARS-CoV-2 in one out of two patient samples tested during their second COVID-19 episodes.

Thus while SARS-CoV-2 reinfection is a possibility for any of these 6 cases, we are the most confident of Cases 24 and 26 being true cases of SARS-CoV-2 reinfection, as they exhibited the largest interval (87 and 84 days, respectively) between their two COVID-19 episodes. Also, their two positive SARS-CoV-2 IgG antibody tests showed that antibodies were present after the first and persisted through to the second COVID-19 episode, and were therefore less likely to be a false positive finding.

Reinfection with the four known human seasonal coronavirus infections has been described, even in the presence of pre-existing coronavirus antibodies, and is not unusual.[@bib0009] However, 'reactivated', 'relapsed' or 'latent' infection seems less likely and is not yet described for the family of coronaviruses.[@bib0010]

Our SARS-CoV-2 reinfection criteria are not perfect and will inevitably be refined as new findings accumulate. Yet our small case series here indicates that symptomatic and asymptomatic SARS-CoV-2 reinfection can occur in the presence of SARS-CoV-2 IgG antibodies. Further studies are needed to determine to what extent SARS-CoV-2 shedding and transmission occur during symptomatic and asymptomatic reinfection.

[^1]: AAA: abdominal aortic aneurysm, AB: antibiotics, AF: atrial fibrillation, AS: aortic stenosis, AV: atrioventricular, CCF: congestive cardiac failure, CS: corticosteroids, GORD: gastro-oesophageal reflux disease, HF: heart failure, HTN: hypertension, ICD: implantable cardioversion device, IV: intravenous, OA: osteoarthritis, O2: oxygen, PMR: polymyalgia rheumatica, PO: oral, T1DM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus.
